Understanding the Challenges of Gluten-Free Baking

Baking
G luten intolerance or celiac disease (CD) seems to be a growing condition. Is it a matter of more people having the condition or improved diagnosis of the condition? About 1% of Americans have CD; of those it is believed 97% of these are undiagnosed. It takes an average of 11 years for someone to be diagnosed with CD in the United States. One in 22 people with CD has a parent, sibling, or child with CD (1).
Gluten is of course the protein in wheat that gives baked products there structure, which in turn contributes to good eating quality. Outside of gluten-free baking, wheat flour is found in virtually every bakery.
In changing a formula over to gluten free the challenge is to remove the flour and replace it with something that can provide the structure, elasticity, and baking characteristics that flour does. Changes to other parts of the formula would involve reduction of the ingredients that tenderize and are carried by the flour. Those would be the sugars, fats, and inclusions.
What is available to use in place of gluten? Taking the flour apart, you would first need to replace the endosperm-the starch and protein portions that provide the structure. The replacements in total, for both components, have to have similar absorption rates to flour. If the replacements absorb too much water, which is often the case, you end up with heavy, gummy products.
A quick and simple absorption test of the potential replacement will give you some idea of its likelihood as a possible replacement for wheat flour. A simple absorption test is to stir in 20 g of water into 25 g of the flavor replacement. Then repeat this process again with wheat flour and see how they compare. If they have a similar viscosity, it has a chance of being a flour replacement in the product. The big unknown is if you have the structure to support and form a matrix that can withstand the weight of the dough components. There lies the challenge of gluten-free baking.
Flour/Starch Portion
The challenge of picking the flour replacement is finding one with a starch portion that gelatinizes and/or cross links with the chosen protein to form a structure that can support itself. A challenge to the cereal chemist would be to define some of the relationships between proteins and starch and starch gelatinization and structure.
From the practical side, using the above absorption test is a first step. From there, it is a trial-and-error process to find the best starch that is available and reasonably priced. Several ingredient suppliers and bakers have come up with excellent combinations of nongluten-containing flours and starches. Several ingredient companies, including National Starch, ConAgra, and Cargill, have blends of different flours that can serve as good substitutes for wheat flour. They have the research and development resources to find the ideal blends and processes to come up with excellent products. However, they are more expensive than creating your own blend.
Some gluten-containing flours to avoid are bulgur, durum, einkorn, emmer, graham, kamut, rye, semolina, spelt, and triticale. Oat flour should be used with caution due to its shape being similar to that of wheat. If wheat was handled anywhere in the system that is then used to handle oats, a pocket of wheat could become intermingled with the oats with no way to separate it out.
Some nongluten-containing flours that can be used are amaranth, arrowroot, various bean flours, buckwheat, corn, flax, millet, various nut meals or flours, potato, quinoa, rice, soy, tapioca, and teff to name some of the more common ingredients. Availability needs to be considered if you are looking to commercialize a product made with some of these. The most popular items on the list are rice and tapioca.
Some of these ingredients come in more than one form or grind. This can make a difference in the texture of your finished product. For example, let's look at rice flour. If not using a very fine grind, you will get a gritty mouth feel in your product. Teff can be purchased either as a flour or as a grain; the grain is very small, about one-tenth the size of a poppy seed. Used in the grain form, teff gives a dry cookie an interesting crisp texture.
Many of these grains also offer good levels of protein, fiber, or healthy fats, such as omega 3s. Using the whole grain of these ingredients also provides the benefits of antioxidants, micronutrients, and fiber found in the whole grain form. (Note that some of these may not be considered whole "grains" by the Whole Grain Council [WGC] . Check with the council at www. wholegrainscouncil.org to see if they are included before counting them as a grain when making a whole grain claim. This is a subject for another column.) Some popular combinations of flours are tapioca and rice, both relatively inexpensive and available. Potato is also available but you have to balance it with other flours due to its water absorption. Defatted soy flour can also be used. With this particular flour, you get a combination of the "starch" portion and the protein. The protein gives some structure to the system similar to a bread but not enough to support itself because it absorbs too much water (i.e., too much dead weight).
Protein Sources
As mentioned above, soy protein is a common replacement because it is so available. However, its rate of absorption limits its usefulness. Many soy proteins have been screened and have not passed the absorption test. Due to their absorbency, they usually ➤ COLUMN
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cause the baked product to have a gummy interior. Although, when used as part of the protein blend, they can be helpful.
Rice protein is a nice source of protein because it is not an allergen. Unfortunately, it is similar to soy in that it absorbs a lot of water and it is also fairly gritty.
Another protein replacement to consider is egg, which is also an allergen. Egg whites can serve as a replacement ingredient only to a certain extent. It can make the product tough and rubbery if using just egg white, which is all protein. Egg yolks-with high levels of fat and cholesterol-also contain a lot of protein that can help form a product's structure. However, the fat content tends to make the product crumbly. This replacement probably doesn't get used that much because of its high level of cholesterol.
Whey protein concentrates, also an allergen (milk), have a range of up to 80% protein; isolates typically have 90% protein. These concentrates vary widely in how much water they absorb and this depends on how they were processed. Those that have an acceptable absorption can give the product a good structure. Go too high with the levels of whey protein in a product and you start having to deal with off flavors, product dryness, and toughness. Moreover, the product will start to pull in and lose volume as well.
Other Ingredients to Try
Various gums are also used in gluten-free baking to help form a structure. You may see xanthan, guar gum, gum Arabic, or gum acacia used to help form a structure. With xanthan gum, you have to be careful with the amount you use-it takes up a lot of water. Three-tenths of a percent in cake batter is enough to set it so that it hardly moves. Combine xanthan and guar and you get a synergistic effect with a higher rate of absorbency.
Gluten-free baking is a challenge. Hopefully, this column gives you a few fresh ideas and tools to get started creating your own blend.
